indicating increased aldehyde reductase and oxidoreductase activities. ROS levels decreased when ALDR protein activity was inhibited by siALDR. Conclusions: ALDR protein may play an important role in endothelial injury induced by hyperuricemia, and activity of the ALDR protein is associated with oxidative stress.
ALDR Enhanced Endothelial Injury in
Hyperuricemia Screened using SILAC Yang Zhang a,d 
Introduction
Uric acid (UA) is the end product of purine nucleotide metabolism in humans [1] [2] [3] . Hyperuricemia results from either increased generation or decreased degradation of UA, and vasoconstriction [4] . Hyperuricemia is an independent risk factor for many diseases, such as kidney and cardiovascular diseases [5] . Hyperuricemia contributes to endothelial dysfunction in early and middle stage chronic kidney disease (CKD), and oxidative stress involved in endothelial dysfunction, including reduced nitric oxide (NO) bioavailability due to inhibited uptake of L-arginine, promotion of L-arginine degradation, and NO scavenging [4] . Park and colleagues suggested that high concentrations of uric acid (HUA) attenuated binding between endothelial nitric oxide synthase (eNOS) and calmodulin (CaM), consequently decreasing eNOS activity and NO production [6] . They also reported that endothelial dysfunction is related to mitochondrial changes and decreased intracellular adenosine triphosphate (ATP) [7] . Another study indicated that HUA can induce endothelial dysfunction, and this effect is associated with oxidative stress [8] . However, further studies are needed to elucidate the comprehensive mechanism leading to endothelial injury induced by HUA. Therefore, we used a new method, stable isotope labeling by amino acids in cell culture (SILAC), combined with liquid chromatograph-mass spectrometry (LC-MS) , to analyze the differentially expressed proteins in human umbilical vein endothelial cells (HUVECs) cultured with HUA compared with those without UA. This new LC-MS analysis Mann et al.) can be used to analyze differentially expressed proteins both qualitatively and quantitatively, which greatly improves the sensitivity and accuracy of measurements [9] . among them.
Here, we used the HUVEC line to screen differentially expressed proteins in cells exposed to HUA using SILAC combined with LC-MS analysis (http://www.uniprot.org and http://bioinfo.capitalbio.com/mas3/ online analysis platforms).
Materials and Methods

Main reagents
SILAC™ kits and RNAi MAX transfection reagent were purchased from Invitrogen (Carlsbad, CA, USA). Trypsin and uric acid were purchased from Promega (Madison, USA). Antibodies were obtained from Santa Cruz Biotechnology (California, USA). Oxonic acid potassium salt was bought from Sigma (ST. LOUIS, USA),
USA)
Cell culture
The human umbilical vein endothelial cell line (HUVEC) was purchased from the American Type Culture Collection (ATCC, Manassas, VA) and was cultured in RPMI 1640 media (Gibco Laboratories, Grand Island, NY) containing 10% fetal bovine serum (FBS), 100 U/L penicillin, and 100 U/L streptomycin at 37°C under 5% CO 2 . Two days prior to experiments, HUVECs were subcultured in 35 mm confocal glass bottom dishes or 25 cm 2 bottles, as needed.
Stable heavy isotope labeling
HUVECs were cultured in RPMI 1640 media containing 0.1 mg/mL heavy-Lys ( added to the media for 24 h. Cells were scraped, centrifuged, counted, and mixed at a 1:1 ratio for protein extraction.
LC-MS analysis and data processing
Extracted proteins were assessed by two-dimensional LC-MS as reported previously [9] . Data from MS analysis were searched against the NCBI Human refseq database (v.2011) using SEQUEST v.28 of Bioworks 3.31. The false discovery rate was calculated in the reverse database using trypsin as a search parameter and including up to two missed cleavage sites [9] . Initial mass deviations of precursor and fragment ions 19.02 Da for alkylated cysteine and oxidated methionine, respectively. Peptide possibility was calculated by Protein coverage rate was calculated by a protein coverage summarizer. Pathway networks and protein functional grouping were generated by the online platform at http://bioinfo.capitalbio.com/mas3.0/.
Small interfering RNA (siRNA) transfection
ALDR siRNA (siALDR) (100 nM, sc-29204, Santa Cruz) was transfected into HUVECs using RNAi MAX used as a negative control. Forty-eight hours after transfection, cells were starved for 16 h, followed by treatment with UA, or no treatment.
Western blot analysis
RIPA lysis buffer (50 mmol/L Tris-HCl, pH 7.5, 150 mmol/L NaCl, 0.5% deoxycholate, 1% Nonidet mL]) was used to extract protein. Cell lysates were used to determine protein concentration using a BCA was incubated in primary antibodies (Santa Cruz). Blots were developed with enhanced chemiluminescent Establishment of hyperuricemic mice models animal protocol was reviewed and approved by the Institutional Animal Care and Use Committee of the Academy of Military Medical Sciences (China) were used as controls. Mice were housed in temperaturecontrolled cages on a 12-h light-dark cycle and given free access to water and normal chow diet. After 1 week of breeding for adaptation, mice were grouped into control (n = 6) or hyperuricemic (n = 6) groups. Mice were injected intraperitoneally with 250 mg/Kg·d oxonic acid potassium salt (Sigma) and 250 mg/ Kg·d uric acid (Sigma). Fourteen days after modeling, UA levels in the blood were evaluated, and aortas were subjected to immunohistochemistry.
Immunohistochemistry
hydrogen peroxide. The sections were heated in a microwave oven for 10 min in sodium citrate buffer (pH 6.0) incubated for 20 min with 1.5% normal goat serum, followed by overnight incubation with the primary saline (PBS). After removal of unbound primary antibody, the sections were incubated for 60 min at room temperature with biotinylated secondary antibody. Sections were rinsed and incubated for 60 min with
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Results
LC-MS analysis
There were 39 differentially expressed proteins with an Nratio (the change in the ratio of the up/downregulated proteins induced by uric acid relative to the control) range of 20 > Nratio > 1.5 (upregulation) or 0.05 < Nratio < 0.66 (downregulation). Table 1 shows the differentially expressed proteins.
Gene Ontology analysis of differentially expressed proteins
Differentially expressed proteins were analyzed according to Gene Ontology (GO) molecular function, and 31 with biological processes (Fig. 1A) . In the molecular function category, 25 proteins are related to binding, while the others are related to catalytic or . Several reports have analyzed differentially expressed proteins in the development of hyperuricemia. Our objective was to identify the differentially expressed proteins in HUVECs cultured with HUA. Therefore, we analyzed differentially among three GO groups, 32 of which contributed to cellular component, 34 to molecular function, and 31 to biological processes, particularly ALDR protein upregulation. ALDR is a key role in various diseases, such as diabetic nephropathy and gastrointestinal neoplasia [15] [16] [17] . Based on the above results, we analyzed the protein-GO networks of all proteins and found that ALDR possesses aldehyde reductase, oxidoreductase, electron carrier, and other activities. Changes in ALDR are related to endothelial cell injury in uremia [18] , and this function is associated with ROS, which can be generated by several mechanisms [13, 19] . Activation of the polyol pathway has been observed in diabetes and can lead to diabetic microvascular dysfunction via oxidative stress [20] . Expression of ALDR protein and mRNA malondialdehyde (MDA) were increased concomitantly, while superoxide dismutase (SOD)
of the ALDR protein in other diseases, including hyperlipidemia and atherosclerosis upregulation of ALDR through activation of ROS and the nuclear factor-erythroid 2-related factor 2 (Nrf2) pathway in human renal mesangial cells (HRMCs) [24] . High glucose leads to can reverse ALDR overexpression [25] . Some studies have also found that the expression of ALDR is mediated by TonEBP to maintain hypertonicity in the kidney medulla [26, 27] . These proteins were not found in the 39 differentially expressed proteins in our experiment and group (data not shown), but this result may be limited by the precision and sensitivity of the detection method. No research has examined the relationship between HUA and ALDR, and mechanism by which HUA induces overexpression of ALDR is unknown, but we hypothesize that HUA increases ALDR by altering normal physiological functions. Understanding the exact mechanism by which HUA induces ALDR overexpression will require further studies.
ALDR protein depletes NADPH and consequently decreases GSH, such that the antioxidant capacity is impaired by the increased levels of ALDR protein [20, 28] . Based on these results, we propose a relationship between ALDR and ROS. Also, intracellular levels of ROS blocked the ALDR protein plays an important role in endothelial injury caused by hyperuricemia via needed to explain the relationship between ALDR and endothelial injury.
Conclusion
Our work provides an overview of the proteomic variations in HUVECs treated with HUA. In this study, SILAC combined with LC-MS/MS analysis was used to determine the to ALDR protein levels. This study also revealed that ALDR plays a vital role in endothelial injury and oxidative stress induced by HUA. Thus, our results may facilitate a more complete understanding of the mechanism behind endothelial injury induced by HUA.
